Concentrations of acetone in urine, alveolar air, and blood were measured by gas chromatographywith flameionisation detection for 110 subjects occupationally exposed to acetone (mean 372 ppm) in three factories. Significant relations were found between the time weighted average environmental concentration and the concentration in the biological samples. The strongest correlation was between the concentration of acetone in urine and the degree of exposure (r = 0-71, 95°% CI 064-0 77).
suggest that the urinary concentration of some solvents is useful as a biological index ofoccupational exposure. Although urinary concentration can be used in biological monitoring as an index of exposure to acetone, '5 7 it is not yet clear whether other indices are more appropriate and we know of no field studies on the relation between the environmental concentration and the concentration in urine, alveolar air, and blood.
The purpose of the present study was to investigate the most appropriate biological index of exposure to acetone. We studied workers while at their jobs and quantified the relation between the environmental concentration in the breathing zone and three biological indices of exposure. Using these data, we tried to derive the acetone concentrations in urine, alveolar air, and blood corresponding to the environmental threshold limit value (TLV) as proposed by the American Conference of Governmental Industrial Hygienists (ACGIH),'8 and the acceptable concentration as established by the Japan Association of Industrial Health. '9 Subjects and methods Figure 1 shows the schedule for sampling environmental acetone, urine, alveolar air, and blood. The subjects were 110 male workers on triple shift operations, aged 18 
ANALYSIS OF URINE
Samples were immediately transferred from paper cups to glass vials and frozen. The acetone concentration in urine (AcU) was measured by directly injecting urine supernatant into a gas chromatograph (GC-15A; Shimadzu) with flame ionisation detection. The creatinine concentration and the specific gravity of urine were determined by colorimetry and refractometry respectively.
ANALYSIS OF ALVEOLAR AIR AND BLOOD
After collection, alveolar air samples were kept at 60°C in a constant temperature oven. Blood samples were kept in an incubator at 37°C for one hour. The acetone concentration in alveolar air (AcA) was measured by directly injecting alveolar air into a gas chromatograph (FGC-1 10; Fuji Chemical), and the concentration in blood (AcB) was measured by the vapour liquid equilibrium method with the same gas chromatograph.
DETERMINATION OF THE EXPOSURE CONCENTRATION
The time weighted average (TWA) of the concentration of acetone to which each subject was exposed (Acex) was measured with the liquid passive sampler.
After sampling, 2 pl of the liquid was injected into a gas chromatograph (GC-Mini2; Shimadzu).
The table shows the gas chromatographic conditions for the analysis of AcU, AcA, AcB, and Acex.
Results
The average values for AcU, AcA, and AcB before exposure on the first day were 2A44 mg/l (SD 5-61), 2-95 ppm (SD 7 06), and 3 80 mg/l (SD 7 07) respectively. These values were considered to be unaffected by other factors, such as drinking alcohol, which contribute to the acetone concentration in samples.
The AcU was strongly correlated with the TWA of the Acex for all the subjects occupationally exposed to acetone vapour on the first day (correlation coefficient(r) = 0-71,95% confidenceinterval (95% CI) 0-64-0 77) (fig 2) . We used the uncorrected value for AcU becausS doing so resulted in a higher correlation coefficient than using the values corrected for specific gravity or creatinine concentration.
A significant relation was also found between Acex The AcU values corresponding to Acex values of 750 ppm and 200 ppm were 76-6 mg/l and 21-6 mg/i respectively. The AcAs corresponding to those Acex values were 177 ppm and 56-2 ppm and the corresponding AcB values were 118 mg/l and 414 mg/l respectively.
Discussion
In the present study we used samples of urine, alveolar air, and ambient air that were collected on two consecutive days; due to constraints imposed by working in the plants we could only take blood samples on the second day.
Recently, biological mronitoring has been widely adopted for the evaluation of amount of exposure. The ACGIH has proposed biological exposure indices, and biological monitoring of several solvents including xylene, stylene, and toluene is required by law in Japan. The possibility ofbiological monitoring of acetone has been examined in many studies, but such monitoring is not required by law.
The main aim of the present research is to determine the most appropriate biological index of acetone. Therefore, we quantified the relation between Acex and three biological indices of acetone exposure, AcU, AcA, and AcB.
The Acex was closely correlated with all three of these. In particular, the strongest correlation was between Acex and AcU (r = 0-71). This correlation did not improve by correcting AcU either for specific gravity of the urine or for the urinary creatinine concentration as found for other solvents. ' Some previous studies have shown a significant relation between TWA environmental concentrations of acetone and AcU, AcA, and AcB,l 10 1517 2122 but all except two" 17 ofthose studies were performed in the laboratory. Our results were obtained from many subjects (n = 110) after occupational exposure. The present results indicate that AcU is more suitable than AcA or AcB as an index of biological exposure because it was more strongly correlated with Acex. This is probably because urine is continuously produced and accumulated (in the bladder), unlike alveolar air and blood. In fact, there was a close correlation between AcA and AcB (r = 0 70). In summary, of the three biological indices of acetone exposure examined in this study, the one with the strongest correlation to Acex was AcU. Urine can be collected quickly, the procedures are non-invasive and simple. We therefore believe that the concentration in urine could be the most appropriate indicator of exposure to acetone.
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